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ABSTRACT.—Federal and state land management agencies have been promoting forest
and grass riparian zones to combat non-point source nutrient and sediment pollution of
our nations’ waters. The majority of research examining the effectiveness of riparian
buffers at reducing nutrient and sediment inputs to streams has been conducted at the
field scale. This study took a broader watershed approach in assessing the stream water
quality benefits of forested riparian buffer zones. Stream nitrate, orthophosphate, and
ammonium concentrations were compared in 11 agriculturally impacted watersheds with
varying percentages of riparian forest area. The study catchments are located in the Sugar
Creek watershed in southern Illinois and contain similar soil types and land uses (pre-
dominately row crop agriculture). The Geographic Information System software, ArcView
3.2 (ESRI), was used to delineate the Percent Forested Area in the Riparian Buffer Zone
(PFARBZ), within 15 m of the stream across the total length of the 1st and 2nd order
streams within each catchment. Stream water samples were collected at baseflow over a
9-month period for nutrient analysis. Preliminary results suggest that watersheds with
greater PFARBZ have lower dissolved stream PO4-3-P concentrations. However, no signifi-
cant relationship was found between PFARBZ and dissolved stream NHs+-N and NO3--N

concentrations.

Throughout the Midwestern United States, agri-
culture has been and continues to be the pre-
dominant land use. Agriculture is considered a
major contributor to stream degradation in the
United States, having adverse effects on in-
stream habitats and water quality (USEPA
1994). Nutrient loading and sediment deposition
have been identified as the water quality prob-
lems of greatest concern (Chester and Schierow
1985).

Over the past few decades, studies have been
conducted to examine the amount of nutrients
carried in runoff, factors that affect nutrient
runoff, and how nutrient export can be mini-
mized (Lowrance and others 1983, Peterjohn
and Correll 1984, Pinay and Decamps 1988,
Muscutt and others 1993, Edwards 1996). One

tool that has become widely accepted to reduce
excess nutrient and sediment export is vegetat-
ed riparian buffer zones.

The primary determinants of the volume and
kinetics of external inputs into a riparian zone
are derived from the watershed’s land use, size,
and gradient. Recent literature suggests that
riparian buffer zones can facilitate water quality
improvements in different ways depending on
how water passes through the buffer zone
(Muscutt and others 1993, Correll 1996, Herron
and Hairsine 1998). A forested riparian zone can
effectively filter lateral overland flow when it
enters the buffer strip as sheet flow draining
from a small field with a minimal slope of 5 per-
cent or less (Peterjohn and Correll 1984). In addi-
tion, several studies have shown that riparian
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zones can decrease the nutrient levels of ground-
water entering streams (Jacobs and Gilliam
1985, Cooper 1990, Haycock and Pinay 1993,
Jordan and others 1993).

The majority of research aimed at quantifying
the water quality benefits of forested riparian
buffer zones has been conducted at the field
scale (Groffman and others 1991, Haycock and
Pinay 1993, Addy and others 1999). Herron and
Hairsine (1998) suggested that land manage-
ment initiatives need to be directed at the
catchment scale if riparian buffers of realistic
widths are to be effective. This study examined
the effectiveness of forested riparian zones at
attenuating agricultural nutrient inputs to

streams at the watershed scale. We hypothe-
sized that nutrient concentrations would
decrease as percent forested area within ripari-
an buffer zones (PFARBZ) increased.

METHODS

Eleven headwater watersheds with varying
percentages of riparian forest cover were located
within the Illinois Department of Natural
Resources (IDNR) Sugar Creek Pilot Watershed,
Clinton, Bond, and Madison Counties, Illinois,
in the fall of 2000 (fig. 1). The 11 watersheds
were selected using 1998 Digital Ortho-photo
Quadrangles (DOQ’s; 1 m resolution). We found
the predominant land-use on all of the water-
sheds to be row crop agriculture, and assumed
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Figure 1.—Location of study watersheds within the Sugar Creek

drainage, lllinois.
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that nitrogen and phosphorus fertilizer applica-
tion rates were similar across the study catche-
ments.

County stream image data files provided by the
Illinois Natural Resource Geospatial Data
Clearinghouse (INRGDC) were used to identify
the stream channels (INRGDC 2000). All visible
drainage networks, 1st and 2nd order streams,
within the watershed were also digitized and
added to the total stream length. A 15-m buffer
zone was created on each side of a stream,

and the total area within the 15-m buffer
zones was derived. The presence of forested
area within the 15-m riparian zone was also
digitized from the DOQ’s using ArcView 3.2
(ESRI). The total area of forest within the 15-m
buffer zone was divided by the total area of the
15-m buffer zone to estimate PFARBZ. Riparian
forest species composition was primarily early
successional species.

All but one of the study watersheds was less
than 700 ha in area (fig. 1). The watersheds
contained a variety of soil types and complexes
within the riparian areas including: Wakeland
silt loam, Blackoar silt loam, Blair silty clay
loam, Darmstadt-oconee complex, Cowden-
Piasa complex, Virden silt loam, Muren silt
loam, Hickory clay loam, Oconee silt loam,
Wakeland silt loam, Fayet silt loam, Virden-
Piasa silty loam, and Rozetta silty clay loam.

Stream water grab samples were collected
monthly (May-December 2001) during baseflow
conditions. Due to the intermittent nature of
some of the study streams in September and
October, 81 of the possible 88 samples (11
streams * 8 sampling dates) were taken. The
samples were collected at a medium depth in
the middle of the stream cross-section. The
stream sampling point was located at the
defined mouth of each stream (fig. 1).
Samples were transported on ice to the
Forestry Laboratory of Watershed research
(FLOW) at Southern Illinois University,
Carbondale, for analysis.

Stream samples were analyzed for pH, conduc-
tivity, and dissolved orthophosphate (PO4-3-P),
nitrate (NOs--N), and ammonium (NHa+*-N) con-
centrations. Dissolved orthophosphate (stan-
dard method 8178) and dissolved ammonium
(standard method 8048) were measured using
a Hach 4000D spectrophotometer. Dissolved
nitrate was analyzed on a Dionex Ion Chromat-
ograph Series 4000i. Conductivity and pH were
measured using a Fisher Scientific AR 20
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PH/conductivity meter. Results were compiled
and averaged by site for the eight collection
dates. Regression analysis was performed with
each of the water quality parameter means and
PFARBZ using the JMP in 4 Academic software
package from the SAS Institute, Cary, NC.
Significant relationships were tested at the
a=0.05 level.

RESULTS

The ranges of PO4-3-P, NH4+-N, and NOs--N
concentrations (mg L-1) across the 11 water-
sheds were 0.000 to 11.709, 0.010 to 12.860,
and 0.042 to 4.440, respectively. PFARBZ
exhibited a significant (p=0.009) negative rela-
tionship with, and explained 50 percent of the
variation in dissolved PO4-3-P concentrations
across the 11 study watersheds (fig. 2). No sig-
nificant relationships were found between
PFARBZ and dissolved NH4+-N or NO3--N con-
centrations across the study watersheds (figs. 3
and 4). In addition, stream pH and conductivity
were not significantly related to PFARBZ.

DISCUSSION

Numerous investigations have reported that
naturally established riparian buffers reduce
the impact of agriculturally derived nonpoint
source pollutants in surface waters (Lowrance
and others 1984, Peterjohn and Correll 1984,
Jacobs and Gilliam 1985, Jordan and others
1993, Synder and others 1998). Several studies
have shown that riparian forests can decrease
phosphorus concentrations in overland flow
from adjacent row crop fields (Dillaha and oth-
ers 1989, Gilliam 1994, Daniels and Gilliam
1996, Lyons and others 1998). Results from
this study suggest that percent forested buffer
area at the watershed scale is an adequate pre-
dictor of dissolved phosphate concentrations.
These findings support those of Jones and oth-
ers (2001), who found that the percentage of
forested stream miles within a watershed
explained 63 percent of the variation in dis-
solved stream phosphorus levels in the Mid-
Atlantic region of the United States.

Forested riparian zones have also been shown
to reduce dissolved nitrate concentrations in
groundwater entering the riparian zone from
adjacent row crop fields (Lowrance and others
1984, Peterjohn and Correll 1984, Jacobs and
Gilliam 1985, Cooper 1990, Schipper and oth-
ers 1991, Osborne and Kovacic 1993, Synder
and others 1998). However, our study did not
show a significant relationship between PFARBZ
and dissolved stream nitrate concentrations

(fig. 4). James and others (1990) also found that
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Figure 2.—Dissolved PO4-3-P concentration versus percent forest area within 15-m riparian

buffer zones.
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riparian forests did not reduce dissolved nitrate
concentrations in groundwater.

Prior studies have shown that forested riparian
zones can reduce ammonium concentrations
entering as surface flow from adjacent agricul-
tural lands (Peterjohn and Correll 1984, Daniels
and Gillaim 1996). Our results show that dis-
solved ammonium concentrations were not sig-
nificantly correlated with PFARBZ (fig. 3), but
showed a non-significant trend that would
become significant by eliminating one point, a
site with low PFARBZ and low ammonium con-
centration. Aside from this site, ammonium
concentrations decreased with increasing
PFARBZ.

A potential reason for the lack of stronger
relationships between PFARBZ and stream dis-
solved nitrogen species (NOs--N and NH4+-N) is
that some or all of our study watersheds could
be nitrogen saturated. The theory of nitrogen
saturation was developed in the forestry litera-
ture to explain the existence of increased
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dissolved nitrogen export from forested water-
sheds within the past 2 decades (Agren and
Bosatta 1988, Aber and others 1989, Van
Miegroet and others 1992). Aber and others
(1989, 1998) described nitrogen saturation as a
series of stages where the capacity of an ecosys-
tem’s soil, microbes, and vegetation to retain
nitrogen is gradually depleted due to chronic
nitrogen inputs (atmospheric deposition). This may
be occurring on our agricultural study water-
sheds due to nitrogen fertilizer applications,
which are substantially higher than atmospher-
ic deposition levels.

The observed non-relationship between PFARBZ
and dissolved stream nitrogen concentrations
could also be due to significant variability in
riparian soil and in-stream denitrification rates
among the 11 study watersheds. Several studies
have shown riparian soil and in-stream denitri-
fication rates to be highly variable within a
watershed and among adjacent watersheds (Hill
and Sanmugadas 1985, Cook and White 1987,
Hill 1988).



CONCLUSIONS

Our study indicates that PFARBZ can be used
to assess the effectiveness of forested riparian
buffer zones at attenuating some nutrients at
the watershed scale. PFARBZ exhibited a signifi-
cant negative relationship with dissolved
PO4-3-P concentrations, but did not show a sig-
nificant relationship with dissolved NH4+-N or
NOs--N concentrations, although there was a
trend of lower ammonium in streams with high-
er PFARBZ. This lack of a relationship with dis-
solved stream nitrogen concentrations could be
an indication that riparian buffer zones are
nitrogen saturated or it may be due to differ-
ences in soil and in-stream denitrification rates
in the study watersheds. Increasing the number
of 1st and 2nd order streams sampled may prove
to strengthen presented relationships. Future
watershed scale analyses of the effectiveness of
riparian zones could be expanded to include
watersheds with riparian zones of differing
species composition and ages.
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